Abstract
Results
There were significant differences in the total MLHFQ scores and the MLHFQ subscale scores among the three groups (p<0.05). MLHFQ domains demonstrated high internal consistency among the three groups (Cronbach's α = 0.92, 0.96 and 0.93). The MLHFQ physical subscale scores were significantly associated with NYHA class in HFrEF (r = 0.59, p<0.001) and HFmrEF patients (r = 0.537, p<0.001). The survival analysis indicated that there was a significant difference among the three groups regarding high MLHFQ scores (p = 0.038). In the groups with low MLHFQ scores, the HFmrEF group exhibited significantly increased rates of death and HF-related hospitalization compared with the HFpEF group (p = 0.035).
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Introduction
The number of patients with heart failure is increasing due to the aging population and the therapeutic advancements that improve the survival of patients with heart diseases. HF has been a major cause of mortality and morbidity [1] . LVEF is used to measure systolic function and has been the central determinant prognostic factor in heart failure [2] . Approximately onethird to half of all patients with heart failure have preserved ejection fraction [3] . The features, triggers, prognosis, and response to therapy of patients with preserved EF are different from those with reduced EF. Some studies demonstrated that patients with preserved EF have a lower mortality rate and a lower hospitalization rate than those without [2, 4, 5] . However, other clinical trials [6, 7] have reported opposite conclusions, reporting that patients with preserved EF may have worse prognosis in terms of hospitalization and mortality compared with those with reduced EF. Meanwhile, several studies have assessed the features and clinical outcomes of patients with borderline EF [8] . The latest guidelines published by the European Society of Cardiology (ESC) recommended separating patients with heart failure into three distinct groups depending on their LVEF: preserved LVEF (�50%), mid-range LVEF (40-49%), and reduced LVEF (<40%) [9] ; however, the comparison of clinical outcomes among patients with different EF ranges was limited. The health-related quality of life (HRQoL) of patients with HF is an important outcome as it reflects the impact of HF on their daily lives. Heart failure is an end-stage of various cardiovascular diseases, and therefore, being able to qualifying patients' physical and emotional statuses is important and must be reliable for physicians to evaluate the effect of therapy. Additionally, improving HRQoL is an important goal in heart failure treatment. There is less information on the comparisons of HRQoL in these three groups of heart failure patients. In recent decades, various specific HRQoL questionnaires for patients with HF have been regarded as important assessment tools for how heart failure impacts their symptoms, function and quality of life [10] [11] [12] [13] . The MLHFQ is one of the most widely used health-related quality of life questionnaires for patients with heart failure [14, 15] .
In this retrospective study, we evaluated health-related quality of life with the MLHFQ among three groups of patients that were stratified by LVEF (preserved LVEF, mid-range LVEF and reduced LVEF), providing an opportunity to study the HRQoL of heart failure patients in these three populations.
Methods
From November 2014 to August 2015, a total of 875 hospitalized patients who were diagnosed with heart failure at The First Affiliated Hospital of China Medical University were enrolled in this study, regardless of ejection fraction and etiology. All patients involved provided informed consent, and our work was approved by the Ethics Committee of China Medical University, and was carried out in accordance with the Code of Ethics of the World Medical Association. HF was diagnosed based on standard guideline criteria [9] ; namely, relevant symptoms plus objective evidence of cardiac dysfunction. Key exclusion criteria included patients who died during hospitalization, had uncontrolled hypertension, had constrictive pericarditis, and had any organic mental or psychiatric disorders that might hinder the completion of the questionnaire.
Of the 875 patients enrolled, 12 were lost to follow-up, and 22 refused to complete the questionnaire. A total of 841 patients were included in this study. Detailed information regarding the patients was collected, including etiology, clinical stage, medications, device therapies, comorbidities and New York Heart Association (NYHA) functional class; a physician-assigned assessment of the patients' symptoms was also recorded for each patient. All 841 enrolled patients were separated into three groups according to their value of EF, including preserved EF (LVEF�50%) (n = 251), mid-range LVEF (40-49%) (n = 267), and reduced LVEF (<40%) (n = 323) (S1 Fig). Patients were assessed for disease-specific health status according to the MLHFQ; the MLHFQ is a self-administered disease-specific questionnaire for patients with HF, comprising 21 items representing different degrees of impact of HF on HRQoL, from 0 (none) to 5 (very much). It provides a total score (range 0-105), and scores for two dimensions, physical limitations (questions 2-7 and 12-12, range 0-40) and emotional limitations (questions 17-21, range 0-25). These questions cover symptoms and signs that are relevant to HF, and a higher score indicates worse quality of life. The questionnaire was performed to evaluate the stability of patients' health status by the time of discharge. During the 12-month follow-up period, all included patients would complete the questionnaire again. The primary endpoints including all-cause mortality and HF-related hospitalization were examined during follow-up. All clinical outcomes were collected by telephone or during a clinic visit six and 12 months after discharge from the hospital.
Statistical methods
Categorical data are presented as frequencies (percentages), and continuous data are presented as the mean values ± standard deviations (SDs). The chi-square test or Fisher's exact test was used to compare categorical variables. The differences between the three groups were tested with ANOVA. Spearman's rank-order correlations were used to compare the relationships between the MLHFQ score and the NYHA functional class across all three groups. To evaluate the prognostic ability of the MLHFQ, Kaplan-Meier curves with a log-rank p values were used to calculate cumulative events based on the MLHFQ scores: the first quartile, the second quartile, the third quartile and the fourth quartile. All variables underwent univariate analysis, and the factors with p<0.20 in the univariate analysis and those that had a significant impact on the prognosis according to clinical experience were included in a stepwise Cox proportional hazard model analysis to estimate the potential factors involved in the interaction analysis and the analysis of the interaction of HF types with the MLHFQ scores. The Hazard Ratio (HRs) and 95% confidence intervals (CIs) were calculated. Statistical interactions were tested by multiple regression models, and subgroup survival analysis was carried out by a Kaplan-Meier analysis. All p-values were 2-sided, and p<0.05 was considered statistically significant.
Internal reliability of the MLHFQ
Cronbach's alpha was used to determine the internal consistency of the MLHFQ domains among patients in the three subgroups, separately. Cronbach's alpha evaluates the internal consistency of the items within a domain. Values ranged from 0 to 1, with larger values providing greater consistency [16] . A value ≧0.70 was considered satisfactory for internal consistency. 
Results

Internal consistency of the MLHFQ
In patients with HFrEF, the degree of internal consistency evaluated with Cronbach's alpha in each MLHFQ domain was large (α>0.80); Cronbach's α coefficients in the MLHFQ ranged from a low minimum of 0.86 (physical subscale) to a maximum of 0.92 (total score). This pattern was also observed among patients with HFpEF and patients with HFmrEF (Table 2 ). 
Criterion validity of the MLHFQ
We compared the trend of the physical MLHFQ scores based on NYHA class. As shown in Table 3 
Predictive validity of the MLHFQ
The MLHFQ total score and subscales demonstrated statistically significant differences among the three groups. There was a significant difference in the total MLHFQ score in all three groups (43.1 vs 36.9 vs 33.2, p<0.001). Patients with HFpEF and HFmrEF presented lower scores on the MLHFQ subscales than those with HFrEF (Fig 1) . At the end of the follow-up period, there were a total of 301 outcomes: 165 events in the HFrEF group (54.8%), 76 events in the HFmrEF group (25.2%), and 60 events in the HFpEF group (19.9%). Kaplan-Meier analysis showed that the incidence-free prognosis was significantly better in the HFpEF and HFmrEF groups (log-rank test, p<0.001) (Fig 2) .
We divided the total MLHFQ scores of all patients by quartiles and compared the outcome rates among the three groups at different MLHFQ score levels. Outcome rates at 1 year within the first quartile did not differ significantly among the three groups (log-rank test, p = 0.256) (Fig 3A) , but the following pairwise comparison with the first quartile MLHFQ scores between the HFmrEF and HFpEF groups showed that the HFpEF group had a lower rate of outcomes (log-rank test, p = 0.035). Outcome rates at 1 year within the second quartile also did not significantly differ among the three groups (log-rank test, p = 0.176) (Fig 3B) . However, in patients with the third and fourth quartile MLHFQ scores, patients with HFpEF and HFmrEF had significantly lower outcome rates at 1 year (log-rank test, p = 0.038 and p = 0.037, respectively) (Fig 3C and 3D) . In the following analysis, we employed an interaction effect to determine the relationship between different clinical factors and different ejection fraction groups. We first identified the potential clinical factors associated with endpoints using a Cox multivariate analysis, and the related factors are shown in Table 4 . Five factors including renal function (eGFR), previous MI, heart rate, loop diuretics and beta blocker usage were associated with outcomes. The stratified analyses revealed that participants with eGFR<90ml/min/1.73 m 2 showed a better prog- In addition, patients receiving loop diuretics in the HFpEF and HFmrEF groups had lower incidence rates of endpoints. Interestingly, patients with heart rate>70bpm in the HFmrEF group showed a lower incidence of endpoints compared with the HFrEF (HR:0.356, 95% CI: 0.184-0.643, p<0.001). A Kaplan-Meier analysis in the subgroups were consistent with the above results (Fig 4) . In the following analysis of the interaction between HF types and MLHFQ score (Table 5) , we found that the type of heart failure had an important impact on the total MLHFQ score and on the physical subscale but not on the emotional subscale. Additionally, we found that with increasing scores, the significance was much more obvious among different types of HF.
Discussion
This present study enrolled patients diagnosed with heart failure at the First Affiliated Hospital of China Medical University; all enrolled patients completed the MLHFQ. This study provided an opportunity to evaluate the HRQoL in patients with heart failure with preserved, mid-range and reduced ejection fraction. We investigated the emotional and physical scores in all three groups, and we found similar internal reliability in the HFrEF, HFmrEF and HFpEF patients. We also noted that higher MLHFQ scores were associated with worse event-free survival at one year. Moreover, our analyses suggested that the MLHFQ predicted clinical outcomes in patients across the EF spectrum. Among patients with chronic heart failure, nearly half had normal or near-normal left ventricular ejection fraction. Heart failure with mid-range ejection fraction (40-49%) is receiving more attention. Prior studies have investigated the features, triggers, prognosis and response to therapy in HFmrEF patients [2, 8, 17] . Improving HRQoL is an important goal in heart failure treatment, and many of the HRQoL studies focusing on patients with HFrEF and HFpEF [17, 18] have shown that improving HRQoL is an important treatment objective in HF patients. However, there are limited studies that have evaluated HRQoL among patients with reduced, mid-range and preserved ejection fraction. This study aimed to evaluate the HRQoL of patients with MLHFQ scores among patients with ejection fraction values in different ranges. Previous researches also reported different questionnaires in patients with heart failure [19, 20] . Kansas City Cardiomyopathy Questionnaire (KCCQ) is another widely used questionnaire of HRQoL, Susan et al reported that KCCQ was a valid and reliable measure for HFpEF, and Yashashwi et al offered similar evidence in HFpEF and HFrEF patients. Neither these two articles enrolled patients with HFmrEF. In our study, we reached similar conclusions in HFpEF and HFrEF by MLHFQ, but we also included patients with HFmrEF.
The MLHFQ and the NYHA are two functional classification methods for patients with heart failure. In this study, we evaluated the associations between these two criteria. In patients with HFrEF and HFmrEF, there were many correlations between physical scores and NYHA class. However, there were few correlations in patients with HFpEF. This may be due to the conditions of the patients with HFpEF or due to our data limitations; therefore, further studies will be required to identify the correlation between the MLHFQ and the NYHA in patients with HFpEF.
The goal of the present study was to assess the utility of the MLHFQ in evaluating status and progression in heart failure patients with different ejection fractions. Many trials have focused on evaluating HRQoL in patients with heart failure [19, 21] . Comparing patients with HFpEF and patients with HFmrEF revealed that there was only a significant difference between the groups when the total MLHFQ score was less than 28, and there was no difference in survival when the total score was greater than 28. This may indirectly provide evidence for the idea that heart failure with mid-range ejection fraction is a distinct clinical entity, that can stimulate research into underlying characteristics, pathophysiology and treatment of this MLHFQ: Minnesota living with heart failure questionnaire; CI: confidence interval; HFpEF: heart failure with preserved ejection fraction; HFmrEF: heart failure with mid-range ejection fraction; HFrEF: heart failure with reduced ejection fraction.
group of patients. However, for patients with HFrEF, higher scores are also an important factor with independent prognostic implications for survival and morbidity.
Limitations
First, in this study, only the MLHFQ was introduced, and there were no additional data on the functional capacity of patients. We tried to assess their physical function by 6-minute walk test, but the data were not statistically analyzed. Second, HRQoL, was only measured with one instrument, and thus, the determinants of HRQoL need to be validated using a different tool. Additional concerns include the time of follow-up and the number of patients enrolled. The follow-up period was 1 year, which is relatively short compared with other studies on HRQoL as a predictor of long-term mortality that have used follow-up periods of 5-7 years. Finally, previous study [22] reported that nearly 70% of patients with HFpEF had recovered from a previously low EF, which is termed heart failure with recovered ejection fraction (HFrecEF). In our study, we divided patients into different groups according to their EF value in stable condition in hospital, but there were no data during the follow-up period.
Conclusions
HFrEF, HFmrEF and HFpEF patients had different prognoses according to the MLHFQ scores, and the MLHFQ is a reliable instrument for the measurement of health status and quality of life in patients with HF. Additional studies are needed to verify our findings. Validation: Zixin Zhang.
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